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Impact of arsenic exposure during gestation on testosterone synthesis and sperm quality in F1
adult male rats XU Qian, CHEN Yigin, WANG Qi, YAO Jing, WANG Panlin, WANG Wenxiang (De-
partment of Health Inspection and Quarantine/Key Laboratory of Environment and Health,
School of Public Health, Fujian Medical University, Fuzhou, Fujian 350108, China)

Abstract:

[Background] Arsenic is recognized as a kind of developmental toxicant, which can pass through
the placenta barrier and induce health defects in offspring. However, the effects of environmental
levels of arsenic exposure during gestation on the reproductive system of adult male offspring
remain unclear.

[Objective] To investigate the impact of environmental levels of arsenic exposure during gestation
on testosterone synthesis and sperm quality in F1 adult male rats.

[Methods] Forty sexually mature Wistar female rats were randomly divided into four groups ac-
cording to body weight, namely control group, low-dose sodium arsenite (NaAsO,) group, middle-
dose NaAsO, group, and high-dose NaAsO, group. They were mated with sexually mature Wistar
male rats in a ratio of 2:1, and the day with presence of a vaginal plug or spermatozoa in the
vaginal smear was designated as gestational day 0 (GDO). Pregnant rats were provided drinking
water containing 0, 1, 5, or 25 mg-L™* NaAsO, until delivery. At postnatal day 70, the F1 male rats
were euthanized. Anogenital distance was measured, testis and epididymis were weighed, and
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associated organ coefficients were calculated. Epididymal sperm quality was evaluated. The histological changes of testis were observed.
The levels of testosterone and estradiol in serum were determined with ELISA kit. The testicular mRNA relative expression levels of key
steroidogenic enzymes were determined by quantitative real-time PCR. The protein relative expression levels of key steroidogenic enzymes
were determined by Western blotting.

Compared with the control group, the testicular coefficients and epididymis coefficients were increased in the low- and middle-
dose groups (P<0.05), and the epididymis coefficient was also increased in the high-dose group (P <0.05). As for the percentage of
sperm motility, compared to the control group, grade | sperm cells were increased in the low-dose group, but significantly decreased in
the middle- and high-dose groups; grade Il and Ill sperm cells were decreased in the low- and high-dose groups; grade IV sperm cells
were significantly increased in the middle- and high-dose groups; all the differences above were statistically significant (P < 0.05). Compared
with the control group, there was a significant increase in serum testosterone levels in all treated groups (P < 0.05), and the serum estradiol
levels were significantly decreased in the high-dose group (P <0.05). Meanwhile, compared with the control group, the relative mRNA
expression levels of Hsd3B1 and Cyp19al were decreased (P <0.05), while those of StAR and Cypllal were increased in the high-dose
group (P <0.05). In addition, the relative protein expression levels of CYP11A1 were significantly increased in all treated groups compared
with the control group (P <0.05).

Environmental levels of arsenic exposure during gestation can up-regulate testosterone level and reduce sperm quality, and
is a potential risk for reproductive dysfunction in adult male offspring.

arsenic; prenatal exposure; male offspring; testosterone synthesis; developmental toxicity

HMEEARSBEFEN—MESLETE, ERE
BRI2XEERIZAKBZREHEBEIERRE
AR 7K™, ISR, MRS IR RPA L 6 R HRI &
BRI T #E) LR ERR A LN, BEFFRIE
IRER OIMERR. FRASER. RERFKHL
TREE". PHERLABEMREERLABHXREE

ABRAE, FE), BNERS I E8ETEYMFEAR
RSERAT, FE), mRNA BERIAF. RAEEE
PCR X (TakaRa EEM TIEKEBRAH, EPl),
ELISA I & (X AR IBFEMRIE RS BERA

&), DMEM/F12 35 7+ & (Gibco, £ [E ), PVDF }E\
ECL (b F & & (Millipore, EE) , TRHT StAR A (CST,

CHR, LMY B BHMARN B BR Bl ge N FREERAS
NS U, EBEMRKRE, oL@ RRRE
HNFRAER, MEEERENEARRAREEY,
BRESERINERSNER/NEERNBRAM
AR, BFEEY, £ R HIIMESYRES KM
SRR, TEREETEHZEEEENHAEY,
ImETHN—TABMRRIEL, 3F2RIMEMES
J=‘17JD)L¥1EEF?5?‘F‘ BIRBE", ShAPSEIR A T, 225
RS 8 REIE 18 REET A 85 mgL ™ WHRERHH
(NaAst) IR A K, AT 5| e FRERESHIF R
BFRETEY, A, BeitENINEKEHEE Sd
HEEFRREEBERAZMNAR. EFULHRR
WK, KRBT R INIFIRRERBEE, L_L!&w&ﬁﬂ
NaAsO, 2 ZE IR EY, IRIT 1T R HA R 2 B2 X Bl R 1
M AXREEASHIAETFRENE M, UHAFE 4 dn FHA
AR EX TR EE R AR M XA RIER,

FEEHF: NaAsO, R EHREM TEBRA

j EF'.)J’ ‘7'(? ﬁ}l*/ N IZIZZ!-.};‘E /151 @/152
(10x). RIPA Hf#&. BCA XTI R ( L BESKREYH

EE), BRI CYPL1AL FifE. =31 CYP19AL iR, RIT
GAPDH 1 (Abcam, % [F), HRP 4R 12 Z #1 (EarthOx,
EE),

FENEF: MTP £ 4A 4R B wh A KL (SLEE, 12
[E), EG1150 £ LR BB RM2255 F B ALEL]
F #(LEICA, = [F]), OLYSIA-BioReport Bl &0 1E & 4;
(Olympus, H7S), 5430R &N E R 25 S O Eppen-
dorf, =E), BB R B MY (Thermo Labsystems, 25

=),QuantStudio®5 SERYZYEEE PCR {X(Thermo Fisher
Scientific, 2[E) , EPS200 EB7%{¥. Tanon5200 £ E&HL
FENEGED MRS LERERZERAR, FE).

60 B ER MR AR (56 Bif) Wistar KE [ E&
A /R-HE KRB R AT, FRIES: SCXKGF)
2018-0006], ELFR MM 40 B, {AE(160.72+10.57) g,
20 3, (K8 (243.12416.22) g, [AFTIRE(22+2) °C.
TEE 60%+10% IR IR A, Z4<31] ﬁééa‘m?_liﬂjt%ab%
BEERSHE(EHLSS: FIMU IACUC 2021-Y-0261),
KRR ESR (LR EIESm) K,

BEBNERF—EG, 1§ 40 2
B2 Wistar K RIZ A EREV D N 44A, 84

www.jeom.org


www.jeom.org

1040 #445-57238&% | Journal of Environmental and Occupational Medicine | 2022, 39(9)

10 R, 5 wistar i 3% 2:1 BIELBHIEITE I, IEAT
FRie X PRE R A MR RS T B A iEiREA%E 0 R(GDO),
M GDO FFI544F 2 0. 1. 5. 25 mg-L™" NaAsO, BIX A
KEFIRAAGE R DRI ENFARFL ) FHE
25 21 KX (PND21) U & 3L H FF 45 & #1555 &£ PND70,
EALLHAEshY el LB BIK. # B,
1.3.2 FlEEEAE R IDEARBIERIRBEKE
SHRERE(ET: RE)EPRREN 0.01 mgL™;
migge it FHE A 2 2 XX B KR ERER
0.05~4 mg-L""", ASF3TIESR 0.10 0.5, 2.5 mg:L fEH
HMEER. . 5FE. BFASSHYNERERE
TEER, KENEMGNELEET AN 6.2 2, E1R
M ABEMEEFEN 0.62,3.1. 15.5 mgL™, BIR
BN D FREF NaAsO, PEFEELEIA 0.58, HitHE
H A NaAsO, REREFIZENHIL99 1. 5. 25 mg-L ™
1.4 ELWHE
1.41 AIEEENE RFEARWSE  F PND70 MESE
JEESEIATITIRVEE S, B R NAIEEE (mm), HEHEE
M A RIAREEIRSAIER R R, FMEEEHEEIKE
[, & FA iR E3 75 A 58, BR 2 FL A B AR EE H DAL
BRUAAE, it B S RIS R 5 %) o
142 fEFEEZ2%IE BREMMERFIEFRES
FIERBETFER ISERTMRETENE, 126
FEBMRED R | RCEHDRIF) . I RCER—/R) .
NRCGEDRR)« IVR(RERD) M, M4 R
TESRMERTH EEBFELAREBESHITLY
TRBE K B 2R ERBEFE T
1.43 ZAHABEERIE BEMERET 4%
ZRERRPEE, SRAOPE. Bk, ARG, 7
s5um EEVIR. @BIAAZ—FLRER, 814
LNE 90 M EERNRER LREE,
1.4.4 ELISA NEMEEERFIM —EEKF BEUNE, 8
& 2 h [GF 4°C3000xg B ) 15 min, LLEIZME, X
F8 ELIsA U ENRE MnyE P =2 B A0 — B2k
1.4.5 LK AEE PCRIMEEZNREEHREE KX
SEEEEY mRNA A EERNALKRPRIMAN 1 mL
RNAisoPlus, 51 3% [ 1R #8487 11 71 & 35t BA Bk R HR BY
B RNA, IEFE R cDNA, TERFETEE PCR N HFHITY
1, KA 27 1T mRNA RiXE1HE,
WEMNEREIE: KEEMETIEH((steroido-
genic acute regulatory protein, StAR) . B-FREE RS
E§(3 beta-hydroxysteroid dehydrogenase, Hsd381) . 4H
= P4s0 M 5E2LAZES( cytochrome p450 cholesterol

side-chain cleavage, Cyp11al). 4HRE 8 2 P450c17(cy-
tochrome P450 17a-hydroxylase, Cyp17a1). 17B-#3 38
[& EZ i & B8(17 beta-hydroxysteroid dehydrogenase,
Hsd17B3) ¥ Cyp19a1. RE(B-actin) M L iR LK E B2 8
A KEESAY mRNA 5|¥IF 580K 10

xR 1 LBRNEE PCR5IHMFFI
Table 1 Primer sequences for quantitative real-time PCR

2R EEM(5>3) RE(5->3)
B-actin GACTCATCGTACTCCTGCTTGCTG ~ GGAGATTACTGCCCTGGCTCCTA
StAR TTCCTTGACATTTGGGTTCC AGGTGTTCCGACTGGAGGT
Hsd3B1  CGGTGTGGATGACAACAGAG AGACCAGAAACCAAGGAGGAA
Hsd1783  ATTATCCAGGTGCTGACCCC AATCTTTGGGTGGTGCTGCT
Cypllal  GCCTTTTCTGGGCATAGTTG GTGATGTGGGGACCAAGTTC
Cyp17a1  CTCTGCGTGGGTGTAATGAG GTCGTCAATCTCTGGGCACT
Cyp19a1  CCCAGGAAGAGCGTGTTAGA CATCAAGCAGCATTTGGA

1.4.6 Western blotting & E X, EE 2 E S A <52
ISV E B FRANT ENEAALR T RIPA RBR IR
BNEEH, XA BCAENEEZEHRE. XA Western
blotting MEE B FRAXKT, BEEERRIGHIRERE
7K, % ER IS0 PVDF fEE T s%( RT3 %0 BIBR AS %%
#H 3 h, EEEIMA—, 4 CHEBEER, 2k 3R/G
MMAZ#1(1:10000), EBIFE 1 h, BER R 3 XE
T ECL UFERNR, RATEEBMUELRNE GRS
MARZFRIAH G K Image ) 1.8.0 REFHITIKE
3o
1.5 FHitFEDHh

FrE B 1BM SPSS 24.0 H1THIT 9. F6F
E TN E RS F R LA R BB (%) R, 4B (B EE K
AR, ERBIEL+sk™, RKBRERERESD
MHITZALR, EESFERITERN, W#H—F#
TEFNZASXTRALAB LLIR(F ETTRA LSD 15,
FEARTTEA Dunnett-t 1250) . KILIKE a=0.05,

2 4R
2.1 HIRHARRERER F1 K ERENEE. AI5EE
BRI AR
. PHIEHAFREEESH RIS TR
£A(3 P<0.01); . . SMBEETEAMEREY
BXTRAE(P<0.01 5 P<0.05), {AE. R FHIE
EENIEEBERHEZAHBERTRITFEENX
(P>0.05)0 W3R 2
2.2 WHIREAMEEN F1 KN EHRBEFRENEMR
SRMERFHRESHBRERLTARITEREN(F=
2.50, P=0.08) . TEXEF AT S, BFRETHER T8

wWww.jeom.org


www.jeom.org

#445-5723: &% | Journal of Environmental and Occupational Medicine | 2022, 39(9) 1041

b EBREFEARITF RN (¥=153.53, P<0.05); 53¢
RRAAELL, | EFLHITEEFIZELAPIES(P<0.05),
MER. BFIEL TGS P<0.05); Il NIRKIEFLL
BITER. BFEEIIFER(Y P<0.05); IVERIEFELHGI
. BFIEH EFHY P<0.05), K 3, REFE
FRASEREILE 1.

R 2 WFIREATRFREEYY F1 K FBMEREAE. IIEERER
. RBESHAERRBEITM (x+s, n=10)
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and organ coefficient of F1 adult male rats following prenatal
NaAsO, exposure (x + s, n=10)
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Table 3 Sperm quality of F1 adult male rats following prenatal
NaAsO, exposure (n=6)
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Figure 1 Morphological variations of epididymal sperm from F1
adult male rats following prenatal NaAsO, exposure
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Table 4 Development of seminiferous tubules in F1 adult male
rats following prenatal NaAsO, exposure (x £ s, n=6)
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Figure 2 Testis morphometry of F1 adult male rats following
prenatal NaAsO, exposure
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Figure 3 The levels of serum testosterone and estradiol of F1
adult male rats following prenatal NaAsO, exposure (x £ s, n=10)

wWww.jeom.org


www.jeom.org

1042 #445-57238&% | Journal of Environmental and Occupational Medicine | 2022, 39(9)

25 WFIREAFMBEX F1 AR FEERENLEEEHER
B X BES mRNA FRiXKFRISZ00

WE 4 FrR, ZFIE4H StAR. Cypllal. Hsd3B1
#0 Cyp19a189 MRNA FRIXKF B AREFEEER (TN
F{ES 5 3.26. 4.49. 3.77 F1 7.00, P B9 54 0.04.
0.01. 0.02. 0.00), H—F LR DM RIS, SXTERLAE
b, &I EHH Hsd3B81 F1 Cyp19a1 BY mRNA FKIXBA
ST P<0.01), ™M StAR F Cyp1lal BJ mRNA &
EXNBEE Ei8(P<0.05 P<0.01), IWE 4(A. B. C. F);
Cyp17a1 F1 Hsd17B3 B mRNA FRIXKFEHERARBER
T4t % B X (F=2.13, P>0.05; F=0.79, P>0.05),
4(D\ E)o

* *k
2.0 2.0
EEJH 1.6 —|— ﬂlgl 1.6 -|-
i 12 T i 12 T
& T & T
% 08 % 08
z z
< 0.4 < 0.4
0 0 1 1 1 J
*% @
15 15
M\BH 12 T B 1.2
% 0.9 T T g 0.9 T _|_ T
o6 o6
z z
< 03 < 0.3
O 0 1 1 1 J
.
15 15 —_——
E\EJH 1.2 T ﬂlg 1.2
. 3 T
T T -
% 0.9 % 0.9 ==
Zos6 Zo6
<< <
z z
< 0.3 < 0.3
0 . 0
XFERZA BFIE4H Il IS4 Shill=£:

GE]A: Star mRNA ABXT R IAIKFE; B: Cyp1lal mRNA FBXT R IEIKFE;
C: Hsd3B1 mRNA 1BIFFRIAKF; D: Cyp17a1 mRNA HEXTFTIAKFE;
E: Hsd1783 mRNA ABXF 2R5EKTE; Fi Cyp19a1 mRNA AERTZRIAEIK
I, *: P<0.05; **: P<0.01,

4 VEIRHATRSEEXT F1 A ERRENEKEERRSHX

SRESHY mMRNA RIXKTFEM (x £5, n=10)
Figure 4 The relative mRNA levels of key steroidogenic enzyme
of F1 adult male rats following prenatal NaAsO, exposure
(x £'s, n=10)
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Figure 5 The relative protein levels of key steroidogenic enzyme of

F1 adult male rats following prenatal NaAsO, exposure (X * s, n=6)
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HSD3B1. CYP17A1 F1 HSD17B3™, Cyp17a1 F Hsd17B3
B mRNA BIZRIAKFEE B NE, HEAX RN E RS2
Hi R E(ER e N HER"Y, BF24HM StAR
Cypllal BEREFRIAKFREEIEM, tbsh, K. . &7
S9N cyP11Al ERFRAEN, EMRIET 2RE
FRRIRMIMER, TSI E AR ZING Hsd3p1 BEE
RIATTRER —M oA IRIAT, GRS ai A
SRR, LA, B R4 Er S E2E A 7E CYP19AL
FIER TR — B2, IS IRNBTE. MMET
&, AL AR H— T HIT T CYP19A1 KA K MiE
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EZR)IME, 1 —EE N cyp19a1 BEE TR IEKFRER;
BIR. PFIEH B R HIUL, BN, AR
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MERLUREEINGEY, TiRPMRENBENRER
B NHKERTF FREAY, Reddy EHRE
M, BRI ARERE THRAKF(0.4 mgL™)
NaAsO,, B4 F R B BT RIS F 28 T B, AR,
MEENBEFSHESHEBAMIRE FRE%, B2
SERITFEN. MENBETHERTZEANET
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A INERAE FEMTE P ERERE, SR F AN E
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PR, X PI AE 5 L ARER EE 7T 5 e BB R (horme-
sis effect) B X, BIEEFIEREN VAR H S 4%
AR, FEEFI 2SR B ER,
BEANERNFINEE—THRRRIT.
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